An earlier program, TetraploidMap, enabled linkage analysis to be performed for autotetraploid species, with a textbased input and output. The current program, TetraploidMap for Windows, is considerably enhanced, and now goes beyond linkage analysis to perform quantitative trait locus (QTL) interval mapping, with a range of models and thresholds assessed by permutation tests. A Windows-based interface facilitates data entry and exploration. TetraploidMap for Windows is freely available from the Web site of Bioinformatics and Statistics Scotland at http://www.bioss. ac.uk/ (user-friendly software).
Linkage analysis and QTL mapping in autopolyploid plant species are more complicated than in diploid species, and so methodology and software have developed more slowly. However, several important plant species are polyploid (including tetraploid potato and alfalfa, hexaploid sweetpotato, and octaploid sugarcane). Hackett and Luo (2003) developed TetraploidMap, a suite of Fortran 90 programs for linkage analysis in autotetraploid species, based on dominant or codominant marker information scored in 2 parents and their full-sib progeny. The linkage analysis is based on a simple model for inheritance in autotetraploids, with random pairing of the 4 homologous chromosomes to give 2 pairs of bivalents at meiosis, but includes a test for double reduction to assess the adequacy of this part of the model. A significant result here can occur for other reasons than double reduction, such as segregation distortion or genotyping problems. This software has proved suitable for linkage and QTL analysis in potato and alfalfa but would be unsuitable for linkage mapping in species with substantial double reduction.
A linkage map is usually constructed as a forerunner to identifying QTLs associated with important economic traits, such as yield or disease resistance. Theory for interval mapping of QTLs was extended from diploid to autotetraploid species by Hackett et al. (2001) , and this has been applied to a potato population by , , and Bryan et al. (2004) . QTLs of large effect were identified for plant maturity, field resistance to late blight, and quantitative resistance to the white potato cyst nematode.
TetraploidMap for Windows extends TetraploidMap to include a choice of methods for analyzing phenotypic data, including simple analysis of variance (ANOVA) for each marker in turn, QTL interval mapping for a range of models, and permutation tests. In potato, interval mapping proved superior to simple ANOVA. There are also several enhancements to the linkage analysis routines, particularly the development of a user-friendly Windows-based interface for importing data, displaying and outputting results as linkage maps and QTL profile plots.
Methods

Linkage Map Estimation
The steps to estimate the linkage map are the same as for the original TetraploidMap: analysis of single marker segregation, clustering into linkage groups, estimation of recombination frequency between all pairs of markers within a linkage group, and ordering based on pairwise data. A further step, inference of marker phase, is required before any QTL interval mapping can be performed. The enhancements in TetraploidMap for Windows are described here.
The first step is to determine the most likely parental genotypes for each marker, given the segregation data. The most informative type among the configurations for a dominant marker is the simplex marker, present as a single copy in one parent and absent in the other, that is, AOOO Â OOOO or vice versa. An enhancement of TetraploidMap for Windows is a cluster analysis of the simplex markers to identify which are linked in coupling. Alphabetical codes display this information at subsequent stages. Duplex markers (AAOO Â OOOO) are expected to be linked to 2 simplex groups in coupling and to 2 in repulsion; a chi-square test shows significant duplex-simplex associations to identify homologous chromosomes. This aids the partitioning of markers.
The markers are grouped by cluster analysis using a similarity measure derived from the chi-square test for independent segregation. The coding of the simplex markers aids interpretation. The cluster analysis has been enhanced by a graphical interface to investigate changes in the marker
Analysis of Phenotypic Data
The most important new feature of TetraploidMap for Windows is the inclusion of methods to analyze phenotypic traits, such as yield. The analysis of a phenotypic trait begins with ANOVA for each simplex, duplex, and double-simplex (AOOO Â AOOO) marker in turn to compare trait means with and without the marker. Significances for both the usual parametric ANOVA and the nonparametric KruskalWallis test are shown. This identifies those linkage groups most closely associated with a trait.
Once markers in a linkage group have been ordered and their phase has been determined, QTL interval mapping can be carried out for one or more traits. This considers the QTL alleles inherited from one parent only. The trait distribution is modeled as a normal mixture model with 6 components, corresponding to the 6 possible QTL genotypes inherited from that parent (Q 12 , Q 13 , Q 14 , Q 23 , Q 24 , and Q 34 ), where Q ij is the QTL genotype of an individual inheriting homologous chromosomes i and j from its parent. This model is fitted for putative QTL locations at 2-cM intervals along the linkage group. The QTL genotypes cannot be observed, but their probabilities can be calculated, conditional on the marker phenotypes in that linkage group. Details of this are given in Hackett et al. (2001) . The likelihood of a QTL at any location is expressed as the lod score, the log 10 of the ratio of the likelihood of the data given a QTL at this point to the likelihood of no QTL.
TetraploidMap for Windows displays a plot of the lod
Availability
TetraploidMap for Windows is written in Java 1.5 and provides a seamless user interface to the underlying Fortran 90 analysis routines (which are available for Windows platforms only at this time). It is freely available from the Web site of Biomathematics and Statistics Scotland at http://www.bioss.ac.uk/(user-friendly software). The Web site provides a full installer for the software that will automatically ensure a suitable version of Java is downloaded and installed along with the application itself. A full user guide is supplied along with a test data set. 
